PFM contractions can reduce SUI symptoms successfully in a deployed environment.
BACKGROUND
The International Urogynecological Association defi nes urinary incontinence (UI) as the involuntary loss or leakage of urine and stress urinary incontinence (SUI) as urine loss being produced by stressors, such as coughing, sneezing, and physical exertion. 1 In a 2002 Washington state survey of 1031 women aged 30 to 39 years, Melville et al 2 found 28% of respondents suffered from UI symptoms. Of those with UI, 45% were classifi ed as having SUI occurring during physical exertion, sneezing, coughing, or laughing. In a 1997 survey, Sherman et al 3 found that 27% of 450 female soldiers experienced UI.
The physical requirements of the Army place unique stresses on female soldiers. These stressors range from regular fi tness training, testing, and physical job requirements to fi eld training exercises and deployments. Urinary incontinence in female soldiers can affect their readiness by creating hygiene problems leading to urinary tract infections and skin breakdown. Precautions used by female soldiers may include using extra undergarment pads, restricting fl uids, or emptying their bladders before fi eld exercises, as Sherman et al 3 found in 30.7% of the 450 surveyed soldiers. Restricting fl uids in the heat of a deployed environment can be dangerous. To the authors' knowledge, no research studies to date have assessed UI effects on deployed female soldiers in Iraq or Afghanistan during Operation Iraqi Freedom or Operation Enduring Freedom.
Available treatment methods for SUI in a deployed environment are limited. In a systematic review published in 2006, Neumann et al 4 compared SUI treatments. It was determined that pelvic fl oor muscle (PFM) training was effective as the sole treatment of Her long-term goal was to make the incontinence go away faster after her next para and gravida. She reported no low back or pelvic pain, though she had mild left sacroiliac area pain. Her last urinary tract infection occurred 1 year prior. The fi nding from a well woman exam at 6 months after gravida 2 was clear and without abnormality.
Examination
Objectively, walking gait and lumbar and bilateral hip range-of-motions were normal and without pain. Hip manual muscle testing result was normal bilaterally, and FABER, Scour, and Valsalva tests results were negative for reproduction of low back or hip pain. She demonstrated with a right anterior innominate rotation sacroiliac dysfunction without apparent signifi cant gait or movement effect. Functionally, she performed 30 crunches and fl utter kicks without apparent diffi culty or fatigue, and no functional trunk instability was observed during abdominal testing. No excess internal oblique, external oblique, or rectus abdominis muscle substitution was palpated during PFM contraction (Kegel exercises). Initial attempts to contract the transversus abdominis (TA) by using the abdominal drawing-in maneuver resulted in palpable excess oblique action. With the use of self-tactile cues (TCs) and verbal cues (VCs), she decreased the amount of isometric force to a palpable TA contraction with minimal to no other visible abdominal muscle contraction.
Informed consent was obtained from the patient, and her rights and identity have been protected. All interventions were performed in an open setting in a tent setup as the Troop Medical Clinic at a forward operating base in Iraq.
Measures
The method used for assessment included selfreport and use of the International Consultation on Incontinence Questionnaire for Urinary Incontinence Short Form (ICIQ-UI SF). 7 The ICI began in 1998 under sponsorship of the World Health Organization and produced the ICIQ-UI SF as the fi rst of more than 10 other modular quality of life incontinence assessments. The ICIQ-UI SF is a 1-page survey with 3 scored subsections using Likert scales and a section to record patient-perceived causes (Appendix). Subsection scores give value, and the total score can be used for comparisons. The ICIQ-UI SF has been validated and has demonstrated reliability, with good content and construct validity. Strengths include ease of use while rating symptom severity and selfperceived impact. 8 Permission to use the ICIQ-UI SF was received through the ICIQ Study Group before data collection. On initial examination, the patient's total sum score SUI or when used in combination with other therapies. Various protocols addressed skill and strength training for the PFMs, but it remains undetermined whether strength or skill is more vital for UI symptom reduction. The systemic review included 2 randomized clinical trials using precontraction of the PFMs before the increased intra-abdominal pressure (as with coughing), and only 1 described a specifi c protocol progression. 4 In the most defi ned randomized clinical trial assessing PFM precontraction, Miller et al 5 instructed 27 older women having mild SUI to initiate a PFM precontraction (termed the "Knack" by these authors) 1 second before a medium or deep cough. After 1 clinic visit for training and 1 week of practice at home, clinically and statistically signifi cant changes resulted. In 2008, Miller et al 6 found 76.6% of one group of women reduced or eliminated leakage by using the Knack technique. The same study found 55.1% of a second group of pregnant women having de novo SUI restored continence during coughing after specifi c training.
STUDY DESIGN
This is a single-case study.
CASE DESCRIPTION History
A 31-year-old female (para 2 and gravida 2) experiencing UI symptoms self-referred to the physical therapy clinic for treatment while deployed in Iraq. She fi rst noticed symptoms during para 1 and following gravida 1 fi ve years prior. Leakage episodes occurred during sneezing, coughing, jumping, and running outdoors, especially on uneven ground. No urge UI episodes were reported. She learned Kegel exercises during classes and practiced these throughout para 1 and shortly after gravida 1, with only partial symptom reduction. She returned to running, using thick absorbent pads for management, and ran throughout para 2. During a sneeze, she crossed her legs, and she deliberately avoided activities causing urine leaks, including agility drills and sprinting. She was limited to running indoors unless she wore the thick pads. Despite the SUI episodes, she normally ran 3 to 4 times per week for 3 to 4 miles to maintain conditioning as a soldier. Although she could not lift her small children without UI, she lifted weights regularly to maintain her strength. When the episodes occurred, she could not stop the leakage. She felt the UI had remained constant since gravida 2, one-anda-half years prior, and that these episodes were "just a part of life." Short-term goals included to "sneeze and not pee myself" and "jump and not pee myself."
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reaction forces and to build consistency. She added running time and distance per her ability to keep ongoing PFM and TA activity. When the treadmill speed approached her former outdoor running speed, she transitioned to running on level ground for short distances and self-progression ( Table 1 ) .
During initial training, a number of possible VCs were tested, with the patient reporting the strongest PFM contraction by using the VC "stopping a urine stream." Transversus abdominis contraction improved in supine position by using the TC of palpating the myofascia just superior to her iliac crests. This TC was used and reinforced repeatedly during clinic treatment and home exercises. A VC used to assist TA contraction was "just draw your stomach in a little to create fi rmness" as occurs with laughter. Separate contractions for the TA and PFM were encouraged and practiced, while excess involvement of the internal oblique was discouraged. Isometric training, using both muscles, began in supine position. Training continued, using progressive table elevation to 45 ° , 70 ° , and 85 ° and back to normal sitting position. In the upright sitting position, however, the patient could not contract the TA initially. Muscle training by using VCs and TCs was performed until a good contraction resulted during upright sitting. on the ICIQ-UI SF was an 8 of a possible 21, regarding leakage frequency and amount and overall life impact. In the self-perceived impact section, she acknowledged the leaks occurring during coughing, sneezing, and when physically active or exercising.
Evaluation/Diagnosis
Chronic pregnancy-induced uncomplicated SUI was diagnosed, with limits to work function and activities of daily living.
Interventions
The plan for treatment centered on using sequenced contraction of TA and PFM, with the PFM contraction occurring fi rst. Studies deliberately sequencing TA and PFM in this manner do not exist. However, activation of the TA does decrease the trunk crosssectional area. 9 This decreased abdominal volume presumably equals an increase in intra-abdominal pressure against structures such as the pelvic fl oor.
Progression of her plan also involved moving into more challenging functional postures and activities. Sapsford et al 10 examined the PFM, internal oblique and TA muscles, using surface electromyography (sEMG) fi nding increased contraction in these muscles as sitting posture changed. The patient chose target activities and rehabilitation goals, and these goals guided rehabilitation progression, serving as milestones to assess progress. Her rehabilitation program primarily used a home exercise program (HEP), with 10 clinic assessments and training of about 45 minutes, occurring over 12 weeks. For her HEP, she practiced 10 to 15 repetitions of sequenced PFM and TA contractions at least 3 times per day, and especially when she sensed an oncoming sneeze or cough. Braekken et al 11 used a similar frequency in their HEP to improve PFM activation.
On successive treatments, she was advanced through activities involving increased exertion producing assumed increased intra-abdominal pressures. This reinforced PFM and TA technique and endurance especially with the use of TCs and VCs. The activities required greater skill of PFM and TA contraction because of body position change and greater strength to resist increased forces. For an activity such as skipping, she began at a slow pace, short stride length, and for brief training periods until she perceived continued contraction and gained confidence. A new activity was not introduced until she had accomplished the previous action with reported maintained continence. More advanced activity progressions were suggested outside the clinic, with reminders for attending to key points. To achieve the patient's goal activities, her rehabilitation program was advanced progressively per her ability. Running began on the treadmill in the gym to control ground- 
Outcomes
The patient's symptoms were assessed by using the ICIQ-UI SF at the fi rst visit and at 6 and 12 weeks.
The results indicate a personal change. Her sum score of the 3 subsections changed from an "8" initially to a "4" ( Table 2 ). Section 6 of the ICIQ-UI SF allows qualitative assessment. Initial urine leaks occurring when coughing and sneezing ceased after 6 weeks. Her activities and continence abilities steadily improved ( Table 3 ). She stopped using absorbent pads altogether, including when doing agility drills and weightlifting. At the 12-week mark, lifting heavy boxes was the only physically challenging activity causing leakage. However, she reported being able to stop the leak by using her new skill. This also represented a marked change. At 12-month followup, after gravida 3, she reported little to no diffi culty restoring and maintaining continence, using the same rehabilitation exercises and techniques.
DISCUSSION
The patient reported diffi culties with a number of physical activities common to a soldier in the Army. Incontinence occurred with sprinting, jumping, and lifting boxes weighing more than 18.2 kg. She could not run outdoors without wearing extra undergarment protection. To cope, she avoided the problematic activities, but this strategy limited her function in a deployed environment. This case study illustrates the effects of PFM precontraction training on timing and coordination of this muscle group with TA contraction in a female soldier. This is more noteworthy, given her 5-year history of SUI and minimal change with using Kegel exercises alone. In addition, gains made in a short period of rehabilitation can be maintained, as evidenced by the patient's report at 12 months following rehabilitation and after gravida 3.
Early gains in function can be attributed to neuromuscular gains involving timing and coordination between the PFM and TA, rather than strength. One of her initial short-term goals was to "sneeze and not pee myself." Using her initial visit training and HEP, she achieved this goal within 4 days. Miller et al 5 found similar clinically signifi cant results after 1 week of skills practice, and the authors suggest that the precontraction of the PFM is an acquired motor skill. Computed relative risk reduction 12 , 13 on the study's 27 subjects showed 75% resolution of symptoms with medium coughing. Painter et al 14 used rehabilitative ultrasound imaging to verify whether such PFM and TA motor control gains can be made quickly. Their patient's SUI symptoms had been present for 4 years but were extinguished in 6 weeks. Deffi eux et al 15 suggested that neuromuscular dysfunction in the PFM creates altered modulation of the muscle tone during coughing.
Contraction of the TA, in this study, served to modulate intra-abdominal pressures. In people without SUI, continence is maintained during increases in intra-abdominal pressures because of refl exive pelvic fl oor contraction. The pelvic fl oor provides a fi rm base for the external sphincter to contract against resulting in an intraurethral pressure greater than the intra-abdominal pressure change. 16 In this case study, deliberate pelvic fl oor contraction and then TA contraction attempted to stimulate or reinforce a refl exive PFM contraction. Painter et al 14 verifi ed that separate TA and PFM contractions are possible, without measurable oblique muscle coactivation. Their fi ndings suggest that TCs and VCs are suffi cient to produce and separate TA contraction from PFM contraction.
Attention in this study focused on coordinating activity of the TA and PFM, whereas a typical approach would focus on the PFM alone. Of note, she admitted initially to never performing Kegel exercises in standing position. Thus, increased skill of SUI episodes at least once per week. A number of respondents verbally stated that they believed their bladders were full or overfull. Causes included references to long distances to the portable toilets, lack of cleanliness of the toilets, inhibiting use, having to run to the bathroom to avoid an accident, and drinking more water overall because of the dry environment. 13 Physical therapists bring a unique and highly qualifi ed skill set to the deployed environment to make positive impacts on UI. PFM contraction alone as the signifi cant factor in her functional improvement cannot be ruled out. Such skill, however, could not be progressed without modulated levels of intra-abdominal pressure. In this study, such modulation occurred via the TA contraction, as opposed to coughing as in the studies by Miller et al. 5 , 6 Validity of her improvements based on personal report is a challenge to study fi ndings. Verifi cation through pad testing or urodynamic testing at successive clinic visits, however, was impractical in the deployed environment for a number of reasons. She did report continence diffi culties as activity advances challenged her threshold. Her reports represent the importance of personal report to patient and physical therapist interaction. This feedback also emphasized the personal nature of SUI and made her gains more clinically relevant.
CONCLUSIONS
An associated source of error relates to bladder volume at the time when tasks were progressed in the clinic. Specifi c verifi cation through catheterization or other means, once again, was impractical. However, at various visits, her subjective reports suggest a certain bladder volume was present to suffi ciently stress the sphincter mechanism. During the second clinic visit, she reported being "close to leaking" while performing short upward hops. At her fourth clinic visit, she stated she felt "like I was going to pee myself" with her jumping jack. This implies that a certain training threshold existed because of increased bladder volume was present. In the sixth clinic visit, the training threshold was crossed as she reported experiencing a brief UI event during 2-legged hops, with recovery of continence following.
Some may question the outcome scores from the ICIQ-UI SF and whether these constituted a minimal clinically important difference (MCID). The MCID is the smallest change in score that the patient perceives as benefi cial. Jaeschke et al 17 found that a change of 0.5 on a 7-point Likert scale represented a reasonable MCID. These authors also stated that clinicians experienced in the use of a scale could use intuition as a valid way to assess for MCID. The patient's gains in physical function supported ICIQ-UI SF changes and that an MCID resulted in this study.
The role female soldiers fi ll in a deployed environment has expanded in the last 9 years, but little attention has been paid to UI and its impact on their function and quality of life. Urinary incontinence secondary effects such as urinary tract infections, fl uid restriction, or dehydration impact soldier health. Sixteen female soldiers aged from 21 to 38 years at a forward operating base in Iraq were surveyed for UI, 18 some of whom had not been pregnant or experienced SUI before deployment. Results of the ICIQ-UI SF showed 11 of the 16 soldiers experienced
